Image plane holographic microscopy is demonstrated combining coherent illumination from a compact 46.9 nm wavelength laser with Fresnel zone plate optics. The method enables imaging of low absorption samples with high resolution. Image Plane Holographic Microscopy (IPHM) is a powerful imaging method in that it enables to obtain both the phase and the amplitude of the object's wave, thereby extending the capabilities of classical microscopy that only records intensity information. IPHM is particularly attractive for imaging applications that suffer from poor absorption contrast, as it occurs in the soft x-ray when the photon energy is outside specific atomic resonances. Unlike phase contrast microscopy, IPHM allows for quantitative measurements of the electric field phasor at the image plane [1, 2] .
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We demonstrate IPHM at soft x-ray (SXR) wavelengths using a set up that combines the coherent output from a 46.9 nm wavelength compact laser with free standing Fresnel Zone Plates (FZP) [3, 4] . In IHPM the object wave is made to interfere with a reference beam to create at the detector plane an interference pattern from which the amplitude and phase of the object wave electric field phasor are obtained. Our implementation of IHPM, shown in Fig. 1 , uses the same microscope configuration employed for sequential SXR imaging with the addition of a second condenser FZP that generates the reference beam [5] . The output beam from a Ne-like Ar capillary discharge laser consisting of pulses of wavelength =46.9 nm, and 0.1 mJ energy [6] illuminates a Schwarzschild condenser, creating a convergent wavefront that illuminates a FZP placed downstream. The zero order of this FZP propagates through the optical system as the reference beam. The first order diffraction creates the object beam that is focused by the objective zone plate (OZP) near the vicinity of the reference beam focus. This ensures both the efficient illumination of the sample and the same wave-front curvature for both the reference and object beams at the detector A hologram from the Si elbow pattern with 230 nm dense lines obtained using a 0.23NA OZP is shown in Fig.  2 . The holograms was reconstructed using the Fourier transform technique, where applying a carefully designed band-pass filter centered at the carrier frequency (mean spatial frequency of interference fringes), allowed for extraction of the phase and the amplitude of the hologram, also shown in Fig. 2 [8] . The spatial resolution of the hologram image is given by the cut-off frequency of the OZP, 150 nm. A phase histogram of an area of 40 m 2 in the phase image showed the phase difference is (2.3±0.3) rad. Using the tabulated index of refraction of Si, (1-)= 0.83 [7] , the thickness of the elbow lines is calculated to be (100±15) nm which is in good agreement with the sample specifications.
Increasing the OZP numerical aperture to 0.46NA produced high quality holographic images of the 150 nm dense lines elbow pattern. From a histogram of the phase over an area of 3 m 2 , a phase difference of (2.9±0.6) rad was measured, which is in agreement with the results of Fig. 2. We modeled the results to analyze the contributions to image quality from inhomogeneities in the reference beam, and from the spatial the temporal coherence of the illumination. The analysis showed that for the =46.9 nm SXR laser illumination which has a coherence length of 750μm [9] , and a coherence radius of 375 (280) m for the 0.23NA (0.48NA) OZP, the inhomogeneities in the reference beam due to the higher diffraction orders of the FZPs, deteriorate fringe contrast.
The ability to extract amplitude and phase the image plane holograms with a simple microscope set up, demonstrated from our experiment, offers several advantages when imaging at SXR wavelengths: 1) it enhances image quality allowing to resolve regions with small variations in the absorption at the illumination wavelength; and 2) it enables to extract a two dimensional map of variations in the sample refractive index, and in turn detect inhomogeneities or defects buried within a sample. The IPHM method demonstrated in this work can be readily extended to shorter wavelengths using illumination from SXR lasers operating down to 7.36 nm [10] .
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